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Abstract 
   A new dynamic test method is introduced. This so called improved transfer function method features on two new 
collector parameters. One is time term which can indicate solar collector’s inner heat transfer ability and the other is a 
second order term of collector mean fluid temperature which can obtain fluid thermal capacitance in data processing. 
Then theoretical analysis and experimental verification are carried out to investigate influencing factors of obtaining 
accurate and stable second order term.  A flat plate and ETC solar collector are compared using both the new 
dynamic method and a standard method. The results show that the improved function method can accurately and 
robustly estimate these two kinds of solar collectors.   
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1. Introduction 
 Solar collector testing is important in many research and industry areas, such as thermal performance 
evaluation, solar collector certification and improvement, etc. The prevailing test method is steady state 
method which is adopted by most standards such as ISO 9806-1 [1], EN 12975-2 [2] and ASHRAE 93-
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2003 [3]. The steady state test method has simple mathematical model and convenient data processing 
procedures. But its strict test condition, rigid parameter requirement and long test period limit the wide 
use of steady state test methods in the world.  
In order to overcome these drawbacks of the steady state test method, different kinds of dynamic or 
quasi-dynamic test methods have been developed since 1980s. These methods are characterized by 
relatively complex mathematical model and data processing procedure but relatively loose test condition, 
short test period and extensive adaptability. The most famous one is a quasi-dynamic test method simply 
addressed as QDT method [4]. It’s the sole dynamic test method adopted by standard (EN 12975) as an 
alternative test method till now. The QDT method is the representative of one node method which means 
the solar collector including working fluid can be seen as a whole. Collector thermal capacitance is 
lumped and is referenced by the collector mean fluid temperature. The second category is multi-node test 
method. The transfer function method [5, 6] is a two node dynamic test method. Solar collector is divided 
into two main parts - the solid part and the fluid part. Each part of collector has its own thermal 
capacitance which is referenced by its own part mean temperature. There are many test methods known 
by its unique mathematical model or data processing techniques such as response function method [7], the 
filter method [8]. 
 
Nomenclature 
Aa Aperture area of solar collector (m2)                             n             Number of times    
At  Heat transfer area from absorber part                           Qu            Heat flux (W) 
to fluid part (m2)                                                            T             Temperature (ć)  
Al Dissipating surface area of solar collector (m2)            U             Heat loss coefficient (W/(m2 K)) 
C            Specific heat capacity (J/(kg K))                                   w             wind velocity (m/s) 
F’            Collector efficiency factor (-)                                     Greek symbols 
F’UL        Heat loss coefficient at Tf-Ta=0 (W/(m2 K))               Δτ            Time interval (s) 
F’U1        Temperature dependence of the heat loss                    τ              Time (s) 
coefficient (W/(m2 K2)                                                (τα)en        Transmittance-absorptance  
F’Uw        Wind speed dependence of the heat loss                                     product at normal incidence (-) 
coefficient (J/(m3K))                                                    θ              Incidence angle (degree) 
G             Solar irradiance (W/m2)                                               Subscript 
Gb             Solar beam irradiance (W/m2)                                      a              Ambient 
Gd            Solar diffuse irradiance (W/m2)                                    b             Absorber part of solar collector 
Kθb(θ)      Incident angle modifier for beam irradiance(-)             f              Fluid 
Kθd          Incident angle modifier for diffuse irradiance(-)          fo             Fluid outlet  
m            Mass (kg)                                                                       fi             Fluid inlet 
•
,m            Mass flow rate (kg/s)                                                     e              Effect of per square meter  
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1.1. The transfer function method 
The transfer function method is a typical two-node test method. The collector is divided into a solid 
part and a fluid part with individual lumped thermal capacitance. The energy conservation equation for 
each part can be described as Eq. (1) and Eq. (2).   
- -( / ) - - - -b b b b a b d a d t b f b f l b a b aen enm C dT dt F ta K q A G F ta K A G AU T T AU T T  (1) 
( / )f f f t b f b f f fo fim C dT d AU T T mC T T  (2) 
For simplicity, set AtUb-f=Kb-f , AlUb-a=Kb-a, F’(τα)enKθb(θ)Aa=Ab, F’(τα)enKθd(θ)Aa=Ad, mbCb=Mb, 
mfCf=Mf. Then combine the two equations by eliminating the solid part reference temperature Tb and 
replace the average fluid temperature Tf with the outlet fluid temperature Tfo. The final second order 
differential equation can be obtained by the following equation: 
2 2
1 2/ / /fo fo fo fi fi b d ad T d AdT d BT CdT d DT E G E G FT  (3) 
where 
 
 
The transfer function method was first presented by Hou [6] and then improved by Wang [9] and Xu 
[10]. In their papers or thesis the transfer function method was reported high accuracy in predicting 
collector outlet temperature under both steady and unsteady weather conditions. However, Kong [5] point 
out that in their data processing the numerical method is not corrected. The first and second order of 
outlet temperature, by the logic of argument, should not use the central differential format [11] because 
real outlet temperature is unknown.  The calculated outlet temperature at any time can only depend on the 
calculated temperature at previous time. The finite difference format for the first and second order 
differentials of outlet temperature are shown in Eqs. (4) - (6). Kong [5] also derived the final expression 
of outlet temperature in discrete form in Eq. (7). 
 
2 2 2/ [ ( ) 2 ( 1) ( 2)] /fo fo fo fod T d T n T n T n                                                                   (4) 
/ [3 ( ) 4 ( 1) ( 2)]/ 2fo fo fo fodT d T n T n T n           (5) 
/ [ ( 1) ( 1)]/ 2fi fi fidT d T n T n           (6) 
2 2( ) 1/(1 / 3 / 2 ){ ( ) ( ) [ 2 ( 1) ( 2)] /fo fi b fo foT n b c T n aG n b T n T n  
[ 4 ( 1) ( 2)]/ 2 [ ( 1) ( 1) / 2 ] [ ( ) ( )] ( )}fo fo fi fi fi a dc T n T n d T n T n e T n T n fG n          (7) 
 
where a=E1/B, b=1/B, c=-A/B, d=C/B, e=-F/B, f=E2/B.  
Experiments [5] under different weather conditions were carried out. Collector outlet temperature were 
calculated and compared with measured ones. The results and errors were analyzed which give the 
conclusion that the transfer function method can accurately predict collector outlet temperature under 
dynamic test conditions. 
However, the transfer function method cannot estimate the traditional collector parameters like zero 
loss coefficient, liner or quadric heat loss coefficient, collector thermal capacitance, etc.  Then the transfer 
function method needs a section of steady state test data to obtain accurate model parameters a-f which 
( ) / ( ) /b f f f b f b a bA K mC M K K M  [ ]/b f b a b f b a f b fB K K K K mC M M  /f fC mC M  
/b f b a f b fD K K mC M M  1 /b f b b fE K A M M   2 /b f d b fE K A M M   /b f b a b fF K K M M  
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indicate that this method is not a “real” dynamic test method. What’s more, the model parameters a-f 
don’t have clear physical meanings which is easily confusing for other researchers.  
2. The improved transfer function (ITF) method 
Based on the strict criticism and creative improvement for the transfer function method, a new dynamic 
test method is created with the total solution of the dynamic solar collector test. This improved transfer 
function can not only estimate the traditional collector parameters like mentioned above, but also two new 
collector parameters are derived for the first time. Those collector parameters are physically meaningful 
for collector test and evaluation. The specific mathematical model derivation and experiment verification 
are shown in the following sections.  
2.1. Mathematical model derivation 
The improved transfer function method [12] divide solar collector into two main parts. One is the solid 
part including absorber, glass cover, insulation, etc with an assumed mean temperature Tb as reference. 
The other is the fluid part referenced by mean fluid temperature Tf. The energy conservation equations for 
the two parts are shown in Eq. (8) and Eq. (9) which has some minor changes with Eq. (1) and Eq. (2). 
( / ) 'b b b b a b d a d t b f b f L l f aen enm C dT d F K A G F K A G AU T T F U A T T         (8) 
( / )f fo fi t b f b f f f fQu mC T T AU T T m C dT d                    (9) 
Change in Eq. (8) is the heat loss term. Al Ub-a (Tb -Ta) is substituted by F’ UL Al (Tf -Ta) which is 
explicit contain the traditional collector heat loss coefficient to avoid introducing unfamiliar symbols. Tb 
is replaced by Tf simultaneously which may influence the value of Tb in other terms. But it will not 
influence the final results because Tb is assumed arbitrarily and will finally be eliminated. Sometimes 
wind effect of heat loss will also be considered in some experiments. Then a similar heat loss term F’ Uw 
Al w (Tf-Ta) which is based on mean fluid temperature and wind velocity with wind loss coefficient can 
be easily added in Eq. (8).  Similarly, the traditional quadric heat loss term F’U1(Tf-Ta)2 can also be added 
at will. 
Change in Eq. (9) is only the sign before the first order term of Tf which based on the consideration that 
instantaneous dynamic energy reserved in fluid is also kind of useful energy. The two equations are then 
combined into one after eliminating Tb as shown in Eq. (10). 
2 2[( )( ) / ] / ( ) / [ ( ) / ]( ) /f f b b t b f f f f b b f f b b t b f fo fim C m C AU d T d m C m C dT d mC m C AU dT dT d  
'( )b a b d a d f fo fi L l f aen enF K A G F K A G mC T T F U A T T                                   (10) 
    Eq. (10) looks a little bit complicated but all the collector parameters are reserved in the equation at last. 
The next step is to simplify it. First the mbCb/AtUb-f term is investigated because it has very clear physical 
meaning and time scale unit.  The numerator is the thermal capacitance of collector solid part which 
represents heat resistance effect of heat transfer from solid part to fluid part. The denominator is the heat 
transfer coefficient which can indicate the heat transfer ability from solid part to fluid part. Therefore, the 
value of this term can directly evaluate inner heat transfer ability of solar collector. The smaller this term 
value is, the higher heat transfer ability of collector. The unit of this term is [kg g J/(kg 
K)]/[m2gW/(m2K)]=J/W=s which is a time scale. Then a new symbol t is used to replace this term for 
simplicity. 
The other term (mfCf + mbCb) which means fluid thermal capacitance plus solid thermal capacitance 
can then be simplified as whole collector thermal capacitance (mC). In addition, the collector aperture 
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area Aa is assumed to be equal to the collector dissipating surface area Al for simplicity. The final 
expression of the improved transfer function method is given as follows: 
2 2/ ( ) /a b b d d e f f e fen enqu Qu A F K G F K G t m C d T d               
'( ) / ( ) /e f e f fo fi L f amC dT d t mC dT dT d F U T T                    (11)  
Eq. (11) is a dynamic energy balance equation describing solar collector’ energy input, output and 
energy reserved instantaneously. The left hand of Eq. (11) is useful energy output per square meter while 
the right hand side includes beam and diffuse irradiance terms each with its incidence angle modifier, 
detailed heat loss terms and dynamic terms. 
2.2. Introduction to the two new parameters 
Two new collector parameters t and mfCf are derived directly from the mathematical model. The value 
of t parameter indicates collector’s inner heat transfer ability from solid to fluid which is strongly related 
with collector’s material, design and manufacturing technology. Therefore, this new parameter can be 
used to compare different solar collectors under same test conditions. The other parameter is the fluid 
thermal capacitance mfCf. Its value can be directly obtained from regression. Sometimes this parameter is 
known as a technical parameter in collector manuals. Then it can be used to verify regression process by 
comparing with the calculated one.   
3. Investigation of deriving stable and accurate second order term of ITF method 
3.1. Theory analysis 
The second order term is the most important feature of ITF method which is used to obtain the specific 
collector parameters t and mfCf. But according to the experience of practical data process, the second 
order term is very sensitive to different methods of data process and unstable in different test conditions, 
especially for the conditions of insufficient test data or uncorrected test procedure and data processing 
method. This section is concentrated to solve these problems and gives a uniform solution for the 
accuracy and stability of the second order term. 
Eq. (11) is the mathematical model of ITF method which based on the assumption that the absorbed 
energy is transferred from the solid part of solar collector to the fluid part. But actually the real 
experiments are carried out continuously from day to night. Sometimes night test data is also used in the 
model parameter regression process. In night test the heat transfer direction is usually from fluid part to 
solid part if collector inlet temperature is higher than ambient temperature. And then the other typical 
condition is early morning period in which the solid part temperature is lower than the fluid part even 
though there is hundreds watt beam irradiance per square meter. This is caused by the thermal capacitance 
of solar collectors. Therefore, it needs a period of time to heat up solid part of collector and in this time 
period the heat transfer direction is also opposite to the assumption. Another condition is late afternoon in 
which period heat transfer direction is uncertain because of the low beam irradiance and collector thermal 
capacitance. The confusion of heat transfer direction may cause unstable and inaccurate value of the 
second order term. In order to solve this problem, a baseline value of the beam irradiance should be given 
to cut off test data in which beam irradiance is lower than that value.  
Consideration on the influence of high incidence angle has the similar effect like the heat transfer 
direction. The b0 equation Kθb(θ)=1-b0 [1/cos(θ)-1] is usually used to describe the incidence angle 
modifier of flat plate solar collector. When the incidence angle approach 90o, 1/cos(θ) will become 
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infinitely large which causes incorrect results. One solution is when the incidence angle is larger than 70 o, 
related test data are eliminated which may have similar effect like concerning heat transfer direction.  
The other experience is about the filter of bad points or leverage points. It has been found that when 
plotting some terms of Eq. (11) after re-average process, some points obviously deviate the majority. 
Only several bad points can cause large leverage effect which leads to unreasonable results.  According to 
the experience, the first and second order term and the time term should be primarily focused and checked.   
Another important experience is concerned with collector inlet temperature which is the only input that 
can be manually controlled. The experience is reported in [13] which is used in QDT method. It is also 
important in ITF method. In the experimental test the inlet temperature should vary enough and be 
independent of irradiance. The temperature interval can be from ambient to the highest temperature that 
collector can bear. 
3.2. Experimental verification 
After analyzing test conditions and experiences, the more important step is to verify the theory and 
give the “cut off” value of beam irradiance. Theoretical experiments were carried out in the TRNSYS 
simulation studio [14]. A validated TRNSYS model Type 832 is used to create theoretical test data under 
the real weather data file of Copenhagen Denmark. Type 832 is a dynamic solar collector model based on 
the QDT method. Different kinds of solar collectors can be tested by changing setting parameters. The 
effectiveness of this method has been validated by many practical experiences.   
A flat plate solar collector was tested during one month from 1 May to 30 May 2011. The setting 
parameters of this collector are illustrated in Table 1. The collector inlet temperature varied from ambient 
temperature to 90oC in sine graphics with the period of 6 hour. A constant flow rate 72kg/h is used during 
all test period. The sampling rate is 6 second and the re-average period is 6min. Other test conditions can 
be seen in Fig 1. 
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Fig. 1. (a) Global and diffuse irradiance during test period; (b) Inlet temperature and ambient temperature during test period 
The progressing results are shown in Table. 1. When all the test data from day to night of one month 
are used, the traditional collector parameters in QDT method such as F’(τα)e,  b0,  Kd, UL, Uw are obtained 
reasonable values. But other collector parameters such as U1, (mC)e  show large deviation compared with 
the setting values, especially the two new collector parameters te and mfCf in ITF method.  Then the test 
data are processed by removing rows in which beam irradiance is less than 100 W/m2 according to the 
analysis of heat transfer direction.  As can be seen in the 5th and 6th column of Table 1, all the collector 
parameters’ value are improved both in QDT and ITF method which demonstrate that the heat transfer 
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direction theory is reasonable. But the collector thermal capacitance (mC)e in QDT method and fluid 
thermal capacitance mfCf  in ITF method still have great errors. Then the beam irradiance “cut off” level 
is increased to 200 W/m2.  The results can be seen in the 7th and 8th column of Table 1 which shows that 
all the collector parameters’ value are improved and become more reasonable compared with the above 
two conditions.  At last, the beam irradiance “cut off” level is increased to 300 W/m2 and the results can 
be seen in the last columns in Table 1. The results show almost same accuracy with the previous Gb >200 
W/m2 condition and don’t have significant improvement. Therefore, the beam irradiance can be chosen 
200 W/m2 as the cut off level for the consideration of heat transfer direction. But this cut off level may 
not be appropriate for other test conditions because solar collector and weather conditions are different 
with this example. It is recommended to use the example’s investigation method to find suitable beam 
irradiance “cut off” level.     
Table 1. Collector parameters comparison under different beam irradiance conditions 
  All test data Gb>100 W/m2 Gb>200 W/m2 Gb>300 W/m2 
Parameters  Setting value QDT  ITF QDT ITF QDT ITF QDT ITF 
F’(τα)en  0.7 0.72 0.72 0.71 0.71 0.70 0.70 0.69 0.69 
b0   0.2 0.28 0.28 0.27 0.27 0.25 0.25 0.24 0.24 
Kθd  0.9 0.92 0.92 0.97 0.97 0.96 0.96 0.97 0.97 
UL  3 3.76 3.78 3.81 3.81 2.95 2.94 3 2.99 
U1  0.01 0.0004 0.0003 0.0008 0.0009 0.01 0.01 0.01 0.009 
Uw  0.1 0.098 0.098 0.092 0.098 0.096 0.096 0.099 0.1 
(mC)e 6500 7654 7667 7014 6986 6329 6357 6307 6342 
te   3.14  7.19  7.24  9.06 
(mfCf)e 1500  6808  596  2839  2911 
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Fig. 2. (a) Scatter of the mean temperature second order term of Eq. (11) (b) Scatter of the output power first order term of Eq. (11)  
The other consideration in section 3.1 is concerned with data filter of bad points. As an example 
illustrated in Fig 2, which is the scatter of the mean temperature second order term and output power first 
order term in Eq (11), Fig 2a and 2b both show that some points obviously deviate from normal range. 
These bad points may have large leverage effect for the regression process and lead to unreasonable 
results. Therefore, it is important to plot some terms of Eq (11) to check bad points and make the filter 
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limitation. Table 2a gives two filter conditions as an example. Both of the two examples are processed 
with beam irradiance larger than 200 W/m2. The filter condition 1 is -0.00006<d2Tf/dt2 <0.00006, -
0.011<dTf/dt<0.011, -0.6<dP/dt<0.6. The filter condition 2 is -0.00006<d2Tf/dt2 <0.00006, -
0.01<dTf/dt<0.01, -0.6<dP/dt<0.6. dP/dt refers to the term of  
Ǆ
,mgCfg(dTfo-dTfi)/dt  in Eq (11) because 
they have the same meaning of power output. From Table 2a it can been seen that all the collector 
parameters are obtained reasonable values especially the sensitive second order term mfCf which has 
nearly the same value compared with the setting ones. The results also demonstrate that filter of bad 
points is an important and necessary step to obtain accurate and stable fluid thermal capacitance. 
 
Table 2. Collector parameters comparison under different filter conditions 
a                                                                                                                   b 
  Gb>200 W/m2 with 
filter condition 1 
Gb>200 W/m2 with 
filter condition 2 
Parameter Setting 
value 
QDT ITF QDT ITF 
F’(τα)en  0.7 0.70 0.70 0.70 0.70 
b0   0.2 0.25 0.26 0.26 0.26 
Kθd  0.9 0.96 0.95 0.95 0.95 
UL  3 2.95 2.93 2.90 2.90 
U1  0.01 0.01 0.009 0.01 0.01 
Uw  0.1 0.096 0.096 0.096 0.097 
(mC)e 6500 6372 6408 6428 6458 
te   8.82  7.50 
(mfCf)e 1500  1766  1491 
Except for the two factors analyzed above, other lessons and experience are also important for getting 
accurate and stable second order term such as sufficient test data and independent varying inlet 
temperature. Important issues including: 
 Keep single heat transfer direction from solid part to fluid part. 
 Remove obvious bad points after re-average process. 
 Avoid high incidence angle when using b0 equation. 
 Collector inlet temperature should vary sufficiently and be independent with irradiance. 
 Collect enough test data. 
Table 1 and 2a are the results of just one typical test condition which specified at the beginning of 
section 3.2. Actually in order to verify the general applicability of the theory above, other test conditions 
are also investigated like 5min and 7min re-average, inlet temperature varying  from ambient temperature 
to 60 ć with a period of 3 hour, 6 hour and 12 hour, etc. All the conditions show the same tendency that 
when using the above conclusions, collector parameters’ values are improved and the second order term 
become stable and accurate.  
4. Experiments results of flat plate collector and evacuated tubular collector 
4.1. Flat plate solar collector 
Kong [12] reported their experimental test and analytical results for a flat plate solar collector. The 
experiments were carried out for one week continuously under different weather conditions at Technical 
 Flat plate ETC  
Parameter QDT ITF Setting 
value 
QDT ITF 
F’(τα)en  0.77 0.77 0.80 0.78 0.78 
b0   0.15 0.13    
Kθd  0.95 0.97 0.90 0.91 0.90 
UL  2.40 3.38 3.5 3.40 3.44 
U1  0.003 0.017 0.02 0.02 0.02 
Uw  0.06 0.15 0 0 0 
(mC)e 5689 5807 9500 9242 9342 
te  2.55   21.32 
(mfCf)e  2075 1500  1158 
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University of Denmark. Test data were processed using both the ITF method and QDT method. Then the 
same parameters of the two methods were compared. The results are shown in Table 2b which 
demonstrates that the ITF method can obtain accurate collector parameters for a flat plate solar collector 
under totally dynamic weather conditions.  
4.2. Evacuated tubular solar collector 
Evacuated tubular collector (ETC) is different from flat plate collector, such as optical structure, 
configuration, heat transfer pattern, etc.  But the basic heat transfer mechanism is still the same. Optical 
energy is received by the solid part and then transferred to the fluid part. Eq. (11) can also be used for 
ETC solar collector with a little change for beam incidence angle modifier. Usually b0 equation can 
describe incidence angle modifier for flat plate solar collectors. But for ETC collector with cylindrical 
absorber the incidence angle effects are not symmetrical with direction of incidence. The incident beam 
can be split into two directions which are the transversal and longitudinal projection of incidence angle. 
The longitudinal incidence angle modifier has similar profile with flat plate collector while the transversal 
incidence angle modifier shows different profile which is influenced by the shape of absorber or 
additional reflector. The so-called angle by angle method [4] is an easy way to determine the transversal 
incidence angle modifier. The beam irradiance is sorted into different columns. Each column represents a 
region of incidence angle, for example 0o-10o is the first column, which means beam irradiance with 0o-
10o transversal incidence angle should be sorted in this column.  Therefore the bean irradiance term in Eq. 
(11) is expanded like Eq. (12) which use 10o as the angular interval. However, using higher angular 
resolution can get higher accuracy and smoother transversal incidence angle modifier curves.   
Because of lacking suitable test data of ETC collectors, the experiments were also carried out in 
TRNSYS simulation studio, using the validated Type 832 model under real weather condition to create 
theoretical test data.  The collector parameters comparing with setting values are shown in Table 2b. The 
deviation between each parameter and setting value is small which prove that the ITF method can also get 
accurate ETC collector’s parameters.   
' '(5 ) (0 10 ) (15 ) (10 20 )b b b b b ben en enF K G F K G F K G                                                 
' (85 ) (80 90 )b benF K G   (12) 
It is also very interesting to compare specific parameter between flat plate and ETC collector. Take the 
new collector parameter te derived from ITF method as an example. The te value of flat plate collector is 
2.55 while the ETC collector is 21.32. This new parameter is introduced in section 2.2. Its value can 
reflect the collector’s inner heat transfer ability from solid part to fluid part. As is well known that the 
typical heat transfer mechanism of ETC collector is more complicated than flat plate collector since 
optical energy has to pass through double glasses and then may be copper pipe and aluminum foil, etc.  
Therefore, it is reasonable that the te value of ETC collector is ten times more than flat plate collector 
which demonstrate that the heat transfer ability of flat plate collector is stronger than ETC collector. In 
the other way, this te value can also be used to compare among the same kind of solar collector to 
evaluate their heat transfer ability. 
5. Conclusion 
The development of the so-called improved transfer function (ITF) method is introduced in details. 
Several influencing factors of obtaining the accurate and stable second order term of this ITF method is 
analyzed theoretically. Then theoretical experiments are carried out in TRNSYS simulation studio. 
Results influenced by different factors are compared and analyzed. The progressing results verify the 
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theory. The main points to get accurate and stable second order term include: 1 Collect enough test data. 2 
Collector inlet temperature should vary sufficiently and be independent with irradiance. 3 Keep single 
heat transfer direction from solid part to fluid part .4 Remove obvious bad points after re-average process. 
5 Avoid high incidence angle when using b0 equation. 
Flat plate and ETC solar collector are also investigated under real or theoretical experiments using 
both the ITF and QDT method under dynamic weather conditions. The results are used to verify the ITF 
method and compare different features of these two kinds of solar collector.  
In conclusion, the improved transfer function method can accurately and stably estimate flat plate solar 
collector under dynamic test conditions with correct test procedure and data processing method. The 
investigations indicate that the method is suitable for evacuated tubular solar collectors. There is also a 
need for experimental tests with different evacuated tubular solar collectors to verify that the method can 
be used for evacuated tubular solar collectors. 
Acknowledgments  
This project was supported by the National Science & Technology Pillar Program of China (No. 
2012BAA05B06) and the International S&T Cooperation Program of China (No.2011DFA61920). 
References  
[1] ISO 9806-1 "Test method for solar collectors Part 1: Thermal performance of glazed liquid heating collectors including 
pressure drop," 1994.       
[2] EN 12975-2 "Thermal solar systems and components-solar collectors- Part 2:Test methods," 2006. 
[3] ASHRAE 93-2003," Methods of testing to determine the thermal performance of solar collectors," 2003. 
[4] B. Perers, "An improved dynamic solar collector test method for determination of non-linear optical and thermal 
characteristics with multiple regression," Solar Energy, vol. 59, pp. 163-178, Apr-Jun 1997. 
[5] W. Kong, Z. Wang, X. Li, X. Li, and N. Xiao, "Theoretical analysis and experimental verification of a new dynamic test 
method for solar collectors," Solar Energy, vol. 86, pp. 398-406, 2012. 
[6] H. J. Hou, "A transient test method for thermal performance of flat-plate solar collectors," Acta Energiae Solaris Sinica, pp. 
310-314, 2004. 
[7] D. E. Prapas, B. Norton, E. Milonidis, and S. D. Probert, "Respose function for solar-energy collectors," Solar Energy, vol. 
40, pp. 371-383, 1988. 
[8] X. A. Wang, Y. F. Xu, and X. Y. Meng, "A filter method for transient testing of collector performance," Solar Energy, vol. 
38, pp. 125-134, 1987. 
[9] B. W. Wang, "Solar Collector Thermal Performance Dynamic Test," in Institute of Electrical Engineering, Chinese Academy 
of Sciences. vol. Master' Thesis Master' Thesis, 2008. 
[10] L. Xu, "Research on Dynamic Test Method for Thermal Performance of Solar Collectors,"  Master' Thesis: Northeast 
University, 2009. 
[11] W. Tao, Numerical Heat Transfer. Xi'an: Xi'an Jiaotong University Press, 2001. 
[12] W. Kong, Z. Wang, J. Fan, P. Bacher, B. Perers, Z. Chen, and S. Furbo, "An improved dynamic test method for solar 
collectors," Solar Energy, vol. 86, pp. 1838-1848, 2012. 
[13] B. Perers, P. kovacs, and U. Pettersson, "Experiences and lessons learned from 30 years of dynamic collector 
testing,modelling and simulation," in ISES  solar world conference Kassel Germany, 2011. 
[14] S. Klein, "TRANSYS, a transient system simulation program, Rep. 38-12," Solar Energy Laboratory, University of 
Wisconsin, MA, USA (Apr. 1988). 
 
 
